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PART ONE,

f

I.

WITH PLATES

V-IX.

j,I'

Few problems have proven more attractive or more illuso.r~ ~.
than tiie general question as to the nature of the nerve terml,m ~.
in the membranes, for it would seem that our concepts 0f the
histogenesis and ,so of the real nature of the :ense orga~s de- y
. pend very largely upon the conclusion at whIch we ~rnv: as \
to the relation between the various types of sensory epIthelium. ~
The senior writer suggested, in series of papers on the brain f
of the low~r vertebrates, reasons for, believing that the first: I,t
sense to come into the field of consciousness was that of smell,
and a little later Edinger emphasized the same idea by his investigations of the olfactory tracts of the reptile brain. . It may
now be taken as fairly proven that, if the seat .of conSCiOusness
,'.lTI th e cere b ru m' , smell was the first of the special senses to
IS
find its way to recognition by it. It would then .be natural ~hat
we shoulq expect the peripheral organs of olfa~tiOn to retam a .
primitive character and so to afford us a clue to the early.state
of such organs. Then too the development of the accessory \
or non-nervous organs of sense has here hardly made .an y p:o- .
a
even l'n diose most highly differentiated cases lTI whIch
b ress
.
. '
'.
Jacobson's organ has assumed great proportiOns.
.'
From' studies of the development of the olfactory organs
in reptiles, as reported briefly in earlier n urnbers of this J ~urn~~,
the writer has been abundantly convinced of the truth of Beard s
state~ent that the olfactory prota arise from the skin and, by a .

l

a

proliferation, extend to the brain, there to enter into communication in the glo"merules with the processes of the mitral cells
of the tuber.
As studied in the embryos of snakes the process is as fol~
lows: The first indication of the change of the ordinary. to the
sensory epithelium is seen in the thickening of a portion of the
. superficial layer from the morphological front of the head (the
region of the future infundibular recess) in relatively broad
bands, one on either side of the head. As the head flexures'
increase, these areas are carried ventrad and come to occupy the
roof of the mouth and adjacent parts of the buccal cavity. The
development of the taste buds from this epithelium we have
not traced in these subjects, though there is no reason to doubt·
that they are formed from this proton, as it is easy to see that
the mucous part of the hypophysis is. At the time the first
olfactory rudiments appear; the curvature is such that the hemispheres are protuberant in front and so come nearly in contact·
with the prota of the olfactory in the two bands of germinative
epithelium above mentioned. Still there is no diffic;ulty in see"
ing that the original proliferations take place in the skin and
that the constant proliferation by division of the earlier cells'
spins the ner.ve fiber from the original source to the poi~t where
the tuber subsequently arises. In fact, the tuber, which has
frequently been .c·ompared to the ganglion of origin of a cranial
nerve, does not seem to afford origin for any certrifugal. fibers'
whatever. In preparations by the silver method it is easy to
see that the neurite of the moniliform chain of the olfactory
nerve comes into relations in the glomerules with dendrites of
the mitral cells. Though a considerable wealth of detail has been
secured by study of Golgi preparations during the last few years,
nothing has been' brought to light to invalidate our original
view.
For a longtime during the development of the brain an
obvious ganglionic mass lies below the skin at the base of the
. point of origin of the olfactory. The gra,dual elaboration of
the cavities of the nares only serves to redistribute· the prota
without:materiali y disturbing the simplicity of the arrangement.
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In a wide range of types i~ has been possible to make out the
adult conditions which have often been cor.rectly. oescribed.
Merkel in his classical work gives a figure of sensory endings
from a cirr-us of Amphioxus that compares in every detail, with
the specific cells of the olfactory epithelium of a reptile .01' am
phibian. (Plate III, figure 10.) Few if any of those who have
studied the development of the olfactori will venture to deny
thaf the "Stiftzelle" at the peripheral end of the olfactory
nerve isa member of the nervouS series' having the same
origin, though it is doubless conceivable that, through some
strange fatality, every observer has failed to notice the intrusion
of a foreign element at some stage of the process. (Fig.' 3 1 .)
If, however" we take for granted that the fiber is continuous,
we claim that there is an equal necessity for admittii1g the same
fOl-other clusters of nerv~ endings on the surface of the body.

It has not~ee~ an altogether unnatural result of the r~
markable co~phcatlOns of nervous structure revealed by the.
so-called speCific methods that the results obtal'ned 'b 'th 'ld"
' 1 ' I'
yeo
,..'
h IStO oglca , ',methods
, "have been discredited an d't
I h as reqUIred
so~e year s expenence to teach us the danger of too explicit
reltanceon the,
. . former, ,Perhaps the greatest of th ese
sourceso f am b IgUlty arises simply from the fact that has been
regarded ,as the
chiefo
excellence ofs
these meth
d name 1y t h'
,
,
at
the selectIOn IS so perfect that other tissues, th an th ose se 1ected
not shown at all . or,
, even if the after-stainl'n g 0 f sec t'IOns SuC"
cee~s, the condlt~ons of impregnation are so unlike that th~
trac1l1g
or, definite relations is diffic uIt or unpos'
' b l 'of connectIOns
'
Sl e. The absolutely cOl1trary results of Dogiel and Cajal in
the matter o~ the anastomoses in the retina illustrate the difficulty that eXists even wherethe methods used are SImi
"1,ar. Th e
results of o~r own studies are rather to confirm many of the
old observatIOns and to show that there are'two distinct classes
of der,mal e~d~~gs" Of, these the olfactory illustrates one 'and .'
the most pnmltlve ?ne. In this caSe we have to deal with the
~emnants of neryous aggregates which were originally formed
111 or near the oU,ter layer and in the phylogenetic. development
have ~ot been diverted to a deeper kvel as is true in so man "
other 1I1st;1l1Ces; .
y
In our laboratory in 189 ['we made out the fact' h
the
1
.
f
t at in
. ora, regIOn 0 tp.e earth-worm there are cells in the
skIn which have a nervous nature an~ whose processes pass '
entad to the central system., 9wing to a delay in the ~th~r'
aspects of the research the observation was not:made publk tiil

'i

Although there was for ~ long time considerable disagree- ,:,
ment as'to the actual connections of the olfactory nerve fibers,
and the' classical studies of Kolliker, 'Klein and Piana'left the
, ~atter open, it seems a~ 'though the later studies of Ehrlich,
Arnstein, Cajal, Gehucten, Retzius, Brunn and Lenhossek. who
employed the silver anq methylene blue methods, were sufficient
to prove conclusively that the olfactory epithelium possesses ~
rod cells whose proximal end is an actual continuity with'the'
fiber of an olfactory nerv'e filament. The writer has frequently
verified' this in specimens of Amphibia double stained with
'h~matoxylin and picrocarmine in which very unambiguous
views can be secured. A few figures from these preparations
were published BY Mr. Bawden, then a student in the writer's
'laqoratory (Jour. Compo N euroI. IV). ' Our studies in' the
development of the olfactory nerve show that tne proton of the
nerve is, formed in or "tl11der the epithelium of the, nasal area and
that the nerve grows by moniliform concrescence of cells which
arise by mitosis from this proton. From this stand,'point, then,
it would be expected that the neurocytes of origin would be
found in the epithelium. In-all essential respects the relations
,in Jacobson's organ are the same as in the true i1asal olfactory
epithelium. The accompanying figure (Plate V, Fig. 10) from
an article byLenhossek (Anatom. Alizeiger, VII, 19- 20 ,) i'llusc
bates these conditions and also the (act that other nerve fibers;'

•
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the brilliant work of Gehuchten had afforded proof of the same
thing, but the suggestion was of course inevitable that we h~ve
in the lower forms a 'permanent retention 'of cells in tlieskin
which in higher types have tended to become concentrated in'
the central organs. What more natural, however, th~n that
this concentration should be incomplete, especially where these
cells have have acquired a specific sensory function. When the
application or'the Golgi and. methylene blue methods revealed·
the fact that there is a most complicated set of free endings !n' .
. the skin ~nd that in many cases where a nervous continuity had
been described th~re is simply a secondary apposition of a dendrite to preexisting non-nervous cells it was inevitable. that the
existence of cellular nerve endings should be discredited en~
tirely. It is tr-ue that the greater part of the sensory prota are
collected in the spinal and cranial ganglia and seem to proliferate thence to the periphery; but in various regions" particularly
of ·the head, these ganglia never concentrate in a neural ridge
but retain their original place iri the neighborhood of pharyngeal clefts. and the lik~ and the possibility must be allowed that.
other cell-clusters elsewhere may have done the same. How'ever, there is another possibility to be considered; ~arriely, that' .
the terminal portion of the peripherally proliferating 'nerve fiber
may under certain circumstances develop a specialized terminal
dendrite. When the nerve is in process of developing the subdivision of the distal member is repeated progressively until
the definite terminus is reached and then the extrem<'7 element<
is charged with the function o( adapting itself to the co,nditions
there prevailing. .In the case of the motor ending, even the
careful researches of Huber and De Witt do not. finally dispose
of the question-as to the origin of the end-structures. We may
interpret them as follows: when the' fiber reaches the muscle
its terminal element, together with the nu~leus,applies itself to
the surface of the latter and prior to the formation of the. muscle-sheath, proliferation goes on ina less' regular way than during, .the development of the nerVe itself, in this way is formed
'the "sole," which would, accordingly, be of a nervous nature.,'
On the other hand, it is possible that the nerve on entering the,'

,
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muscle comes'il! contact with a nucleus of the muscle which,
un'der the stimulus afforded, begins to proliferate and the pro- '
toplasm of the cells 'so' formed assumes an intermediary character and spreads out upon the surface of the muscular band as
a means of applying the stimulation. To us the first is in the
absence of direct evidence the more probable solution.
Observations are at hand which tend to show that extensive nervous proliferation takes place below the corium of the
skin at an early stage. In section 0'£ the skin of Amphibia these
proliferating cells can be s~en and this is probably the origin of
the ganglion plexus of the skin.. (Figs. 3, 5 and 6, 'Plate V.)
,
To pass then to the nerve endings in the skin, we may first
note the ·isolated sensory cells. These may be seen in suitably
prepared sections of, the head in the tree frog and other Anura
and also in the neighborhood of the eye in the axolotl and other
tailed Amphibia. In the tree frog, where they most numerous,
these. cells are grouped in threes and fours in close clustres lying in a special cavity passing through the entire thickness of
the epithelial layer. The tern-dnal segment is a slender l1Iicleated cell, the nucleus being- very narrow. The peripheral part
of the cell is a narrow rod which at the periphery bears a few
'ril?i~ bristles.. Entally from the nucleus the cell walls are very
delicate but obvious and the nerve fiber within is easily disting:
uishable in the doubly stained specimens. The fib~r is easily
followed to the coriu~ layer andin many cases through it. It
seems too that more 'than one nucleus can be seen in the cou~se
of the ~ber before the passage through the corium. The skin
is at this point very thick and the presence of large glands
serves ,to separate the corium from the epithelial layer, so that
the cou'rse of these fibers is readily followed for a long distance.
In the case' of certain teased preparations it was possible to iso-'
late these fibers and study them with oil immersions and there
can be no' doubt ~s to the relations here described. So far as
could be told, these fibers do not connect with the subepithelial
plexus as do the fibers of the free arborizations to be described
later. (Figs. 2, 12, 13, 14.) The termin~l segment seems to
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'be ~ntirely hom~logous with the segments of the nerve and its
peripheral portion is perhaps simply a' modified' dendrite.
The endings above descriped must not- be confused with,
the/sense buds found elsewhere in the skin. In the latter there
is a ~ell-developed accessory apparatus in the form of the wellknown beaker or "Stutz" cells, here there is simply a cavity or'
tube in the mid~t of unmodified epithelium cells. Yet it is not
, to be assl!med without better evidence than is' now at command
that these·two classes are of entirely distinct nature and origin.
In the first' place it is scarcely to be credited that two sets or'
sensory qrgans derived from tl1esame proton and so similar in
function as are the 'organs of smell and taste should be of an absolutely different type, and what may, be said 'of the taste buds
applies mutatis mutandis to the sensory buds of the skin.

39

Inasmuch as the epithelial layers of the mouth and tona-ue
are morphologically only portions of the skin, it is necessary to ~x
amine these regions for light on the nerve endings as ,they may
be modified under the special conditions here existing. In the
frog"
which has
been
the subject of the most elaborate
invstiaa•
'
"
.
.
b
tlpn, the sense of taste cannot be at all 'highly <;leveloped, fo'r
the animal is ,accustomed to swallow ifs food, chiefly
horny coated insects, without mastication; and experiments
(Bethe) prove avery sluggish response to chemical irritants. In.
the tongue of the frog, as well as in thepalate, there are numerous scatter:ed sp~cific sense OI:gans, those of the tongue beirig
flat .end-plates, whIle those of the palate are protuber;'trit sensory'
paplllae. ' Athough these' orga,ns were described by Leydig in '
1.858 th,ey have frequently been the' objects of spe~ialstudy ,
sll1ce then and even now authors are not wholly in agreement as,
to the details of the structure. The cellular elements in these
sense organs consist of the cylinder of flask cells forming the
. protection for the sensory rod cells, a subordinate variety of
which has been termed forked cells by reason of the divided
peripheral projection. Alate, or winged . cells, around the cup
or flask have also been noticed by some authors.' Bethe, who:
has recently studied these buds by means ohhe modification of
the methyjene blue method which bears his name, ,find~ two'
sorts of nervous termini in them: first, free termini lying between the cylinder cells and reaching the surface, second termini with bulb-like expansions on various cells. (Fig. 8.) One
type of such endings is three-lobed and, such endings are affixed
t? the sides' of the cylinder, cells; the other variety has simpie'
Clrcular end-plates and these endings are found on the rod cells,
fork-cells and possibly also on cylinder cells. In no case did
Bethe succeed in finding actual continuity behveen the rod-cells
and the nerve. He in (act seems to find greater intimacy, of
connection between the cylinder cells, which are not supposed'
to have a nervous function, than with the rod-cells and iri no
case is there more than a contact with the'cell wall. He explain~
the continuity detec,ted by Arnstein and others' as the result of
faulty observation and imperfect m,ethods. In the ordinary pave~
ment epithelium of the palate BetH~ finds termini on gland cells
and ciliated cells, as well as deeper elements. It should be
noted that the finding of the three-lobed end-plates on the cylinder cells .was not a uniform occurrence ,but rather exceptional
and the suggestion is near that this is the'result of an accidental
state o~ 'the fibers and not a natural or permanent orga~.

The contrast between the results of different methods is nowhere better illustrated than In the differentconclusions reached
by Fusari and Panasci on the one hand (Arch. italiennes de
BioI. XIV, p. 240) and those of Arnstei~ (Archiv f. mikroskop. Amit. XXXXI, 2). The former authors worked with
the chrome-silver method and describe a direct communication
of t~e nerve fiber 'with' the axial (rod) cells of the taste buds.,
(This we are able to substantiate from personal observation.)'
Arhstein, on the other hand, denies such connection most em,phatically and claims that teased preparations with methylene
blue show with all possible clearness that there is no such connection, ,but instead that the varicose nerve fibers form a felt, ing of fibers around the axjal, and outer cells of the bud and end
free in the pore. Arnstein finds, qU,ite similar nerve endings in
the filiform papill<:e. He does not find forked cells, but inclines
to the view that such cells result from the separation of the true
nerve fiber from the peripheral end of'thecell' to which it is attached. ,The appearance of continuity between the cell and the'
nerve fiber is said to be illusory and is explained as due to the
blackening of the"cell as well as the fiber. .Ehrlich (Deutsch. -med. Wochenschrift, 1886, 4) described intensely colored cells
in, the mucous rnembrane of the olfactory region which pass
without interruption into a nerve fiber, but these cases Arnstein
, 'also 'dismisses 'as illusory: Dr. Nieni.ack has also reached similarconclusions by the use of different' material (Anat. Heften,
Merkel und Bonnet, Anat. Anzeiger, VIII, p; 20.) "
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no exception, though it is not always easy to detect ~he protoblastic elements. ,A single theoretical consideration is sufficient
to convince one that this is what should be expected, for it is of
course recognized that every type of vertebrate has some provision for the constant or occasional removal of the ,skin. In
some cases the process of removal of the corneum is intermittent, while in others it is gradual. In either case it is obvious
that there nHlst be a proton of undifferentjated material-;:;-of
cells that have not passed beyond the plastic stage. In those
parts of the skin where there is little differentiation between the various layers the difference. between the corneum and deepe~
cells is not re;dily detected in preparations by the usual procj::sses, but in the thicker portions where the so-called Leydig_
cells appear the basal protoblasts are crowded into the interspaces and pried apart. One effect of this process has been to
stretch the connecting protoplasm into an excessively thin layer
or film enveloping the Leydig' cell either completely or' as a
coarse mesh-work of naked protoplasm. In all the preparations
we have seen, even those in which the preservation has been as '
perfect as possible, with~ut the least evidence of shrinkage, -the
appearance is that' of a broad reticulum arising in the intercallary or basalprotoblasts and enveloping the cell in such a way
as to wrap it completely in the products of the adjacent proto-_
blasts. The most perfect process of preservation fOf such'structures is a combination of chrom-acetic and platinic chloride 'di~
luted in alcohol. The use of Merkel's solution also gave very
good n;sults, 'while the various osmic acid solutions invariably
produce too great shrinkage of some parts, especially o( the
. reticulurn. In the -first mentioned solution it appears that the
natural tendencies of the alcohol and the chromic acid counteract each other while the fixing action of the platinic chloride is
in no way interfered with. The avidity to all the usual stains
after this treatment is also very great, while in the osmic preparations there is not, only general diminution of the receptivity,
but, what is worse, the effect is not uniform even ill'the same
class of tissue in the same preparation. In properly prepared
sections the reticular. structlire of the protoplasm of the Leydig

Our o~n studies of the gustatory epithelium of the axo~
lotle ar~ in accord with the results of Bethe upon the frog ~o f~r
as the','diffuse endings are concerned, though the methylene.blue
-d,oes not give adequate insight into the connections betw~en
fibers and cells. The taste buds, on the other hand, afford sImilar results to those obtained from the sensory buds of the skin.
The source of m~ny of the erroneous conclusions reached is, as
mentioned beyond, the fact that in successful methylene blue
preparations it often happens that fibrous element: stain wh'en
the cells 'of origin for the same fibers do not.
- Diffuse Peripheral Connections.-Various earl!, writers have
'reported the existence of a dense net-work or felting of nervous
- material among the epithelial and even the corneum cells of the
skin. This structure was first made out by the use of g?ld
chloride and there Was always left open the possibility that the
appearance was due to the disposition of metallic -salts in the
'interstices between the cells. Dogiel in his paper on the nerye
'e;1dings of the genitalia -figures a very extensive mesh'-work of
this kind with here and there a free knob-like termination and
,he traces th~ lower part of the reticulum to a direct communication with a set of nerve fibers passing perpendicular to the,
skin. (Fig. I.), Strong' in his paper on the crania~ nerves of ,the frog figures a similarly minute meshwork which, is revealed
in this case by the use of the Golgi method. In all of the above
cases there is, the element of unceit~inty growing out of the
fact that the methods are impregnation rather than staining p:ocess'es and are histologically uncertain. It would the~ be_ eminently desirable to supplement the .evidence from these sources
, by other means.' In.the study of the skin of the Amphibia it
is easily noted that there exists at the base or ental aspect of
the layer of Malpighi a layer or stratum which is in a peculiarly
nascent state. These cells are devoid of. the thick and rigid
walls chatacteristic of the superficia:I cells and are protoblasts
rather than complete cells. In this layer we maynnd, at all
stages, the evidences of 'mitotic division. In fact there is a peiman<:nt proliferating zone in this region. C?mparison of this
stratum with that ofh,igher vertebrates shows that the latter ~orm ,
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tl1itiith'e§~ fibersrJare destin~'d;o-to im0te;tharijth!e.;~single r.bgsahcro\y
·'b'tJ.p}otQJfil~stsq~3 ~;;.j·l.Frq :)rnv~ \ }:_~ ~;~.(,:A nh.d~ jJ:)::n~; (>('1 '~r)ril)(,.~~I
'Hi j J:i[lllei::peri<:eHu'latirhetLwbrk"li'as:,beeB :1 'described; by, al nUm1Jer
'ofUth<:vdrlier :bbsewers~Lb\;rflii1j'ea\:hl rcas-et the it-e3!ltnl:tture i 0£!the
's:tr:lidtl:j:fe'~has'11f0tcheendetecte& ;:\flPatUidH arid' "Pfitzlier lboth Jre C
gir'dedLiti'as armefsh"like}thkkehlng ofiithe celhvalbi 1Jh'~ law+
dlihKSffinese;Jl' ~i:tibs! uf. ser.ve;rfQrHh'e 'p'oirit tofuattachmen:t[o[1"the
/niit:erGellular~Jb'}idgesl
'P:frtF6ri tPaliliicki' 1;,'des;criptron'lis; ig,j,vei}
i1iTIfull?rb ':lJAii:eifligewlfueydigisbhen:iZelleh; wurde" ich 1adfikle'in'&
'h:-r-eisfOrfu
. - iak
·durlk'elcoi1furir.te;..
Big':ureir::>lallfrhet.ksari!·,
'K
b ,~CliiBzeB.de
-"
_.
'di~",iilhei'lllr0h!Tregelmas§ige'ri ~bstiiilderi"V()nll e'ihand-er, ,entfernt
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d~niiusse\en rEl*'Gh.eJ.:der; zeHmemb.raritatifsassen. "i~Es ~steIlte' sieh:,

nlJll .alpb.ild? bs:t;a"liIs o).das),dies'en BeitfBd;'cb~i! al'len:,>:lLeidi~(sch~m
Z,ell.e,p. .e.i:n g~llj<J:)c2rj.stanJerd~sf~o 'J:lJebehJdie',IDeutung i dieser:,GdJ
bjlge,(SJ:hielU9,h15!uFch, Zellen;elwie,?derefll i:m~hrer,e:i abgebJIdety
sinl\l.! ,A u(sc:,h 11??; :J'~Hier1[fan d f~'sith;ein' dou'pltconturiitesJ\:Gittail
we.1'J~!c: \Y,.elc~e~, ub¢rj;di'e ,iP.r,otoplasmakornens!hi!}wegging'.'f.,£!Die:
~g.lk@!ijd .e,o;,\G!tterw,erksr~theiIten ;sithl· ofters jfgabelformig.,~tind~;\V<H:r
r.et!IQ;:d.E!-{d;uJlJier, bald dkker-;d Es:-isf!mmdmzuhehmenpldass das)
Gltt.er~.e.r!5:'{ lhc;lWoFg~br:.ach'b,LW:ird, fi d urah rl,ri ppenal(~ige ;') paritiell~i
Y;~rdi,~!5:\ilJ].genJ d.er;.;ZelIenmembran: llRdidass'tbei1sokhen (Zel1en~fi
w.o~.ei1}9.erAlZtig.es:IGitterw.etkzU7 !seI1en ist;.~dtiridSchniti: Clie rZelle:t
ta.:n.geJ1ti~l, gettoffenlhat',! (w~hren d(bei''dent Zell ehi,·d.ie diesesiGiHer,,;
~~F~J;.' l}ichtj;;:eigen;Mie;dagegefll)inl ae,r pZeIlinembran ~,v'6n1SticeJ<;r
Z4.. Stl'~~k:;!5:leiJil.C::jl· g.liinzenden, Riil'g,e, lbe,?itzen,,:der.. Schnittlmitt:ern
diJrch die Zelle gegangen ist. Die kleinen Kreise, di'e, derilZeI·q
1~J1lrneqbr.aflLqt!fsitz.eJit')stdlen ,die ~uersdmi:tte}derl,r,ippenaitigen
V;~t;dic.kuDge.J;1 :r:kr [>l\{embr~nrldarJ Die::orippenartigeh 'Merdick'",
uqg~~> ctexJZ:ellenmem];>.ran-.Zeigem sich)d ur.chs~iillJm'tliGHe-Farb~r!!
mi ttel j~.pe1),~<il g.efar.bt;; Jw;ie :.das Rroto.plasma; 1wesshaI1f> sie frejpht2 .
u~gJ:$.ehe.n;(We!1den,~kopeh,;,~IJ;(l 'Phe';authon a1s6: noticeS1Jth ct Bltheset
ba,npsj fll;!,: s,ojpe.til1Jes1:snarply,::stiiineoF:b¥ ,?fuchsirirla .. fact~that,l~in~'
C~~!113C;ti0R\Witb:;the;;ab'ove;,qnight;well havestigge.,stedlth?-tlthese:l
l

slJ'PP.os<}di1!idg~s.,0wtheccelbwalbhaveJa';hatu'fte;more~in)common!).

withHithatfbL)p"oJoplasm,'J[;:S~iH,~of~'i!suggestiv.e; w.as ~'th~i,acldi~t

tio.nah Q RS,eryati9h1that ~tli'es(hr.idges{are i pot:.limi te'cl~)to:}an j""singIe:;
,cc::lJ, IbLi~~i Often! pass1to1cn'eighboring,;,rcells;cwith0pt'drlternlptioh! it
H:~~sa,Yi~n~,~,I'ch jsah;;'.:,dass,=,.die i:,Ba1Menb ;von reiirerioLeydjg',sdier':j
ZelkicQ)::JtilluirIichsiZl1samrnerihingen"~;niLden .;Balken;}benachba,rm
terDL~y.dig;~.cher z.elIen, ;da:sSJ einrrzusammenhiingend'es'flBalkenfi\
werk sich uber mehc51~es1;ey.0ig!sdie,zeHeiJ.!:au'sqehnte.wd\',tiss,erls
dS\W s,'lch\ jC.h·i!.ber, au'eh'rlaasSi ganz>'iihnlichJ ge'~Jaltete,<Bcrlkerirsich
attf diedDsmachbartend2pithClze1leili{fortsetzen, '10 nOl:JB:>i!qq£ Bd:i
::::dQJ:fr Qbs.e1':v.ati6'n~neg:v:eln~:ldb,ubt ,thatLt:his m.eshwork ;is rlbtil
only~;9f~a~pr.QtQPl;:fsmi~> BCl-funel ,bl1tl than thelmesliescarie 'connec~ed.1
witp'::Ithe"uutleh0fIth e1 basaJ! anddritericaHar,y; rsed es:[1~Eigs1 1'7; 20).:1 i
I~::js:teasYi 'to;!traceJt~e qneshesi into(conimtifiieation with'. thel.'pr0'-i1
pl<1sn1I(s"ur~b,uri9ing\lthese(protoblasts'.~liJ'Itdishmore? diffiolHt':;{ex~~
t
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cept in the case ,of ,p~j-fectly preserved material, to follow the
nerve fibers to the bases of the cells of the higher series; i. e.,
those about the sides and ectad of the Leydig cells: In gC?od
methylene blue specimens stained intra 'vitam (Figs. 21-23), the
. fibers can be traced for a considerable distance into the ~pithe
lial Jayeramong the intercallary nuclei, but it is only in specimens stained with pic~ocarmine and hcematoxylin that the actual connection with the cells Can be made out. Even here the
question (always left wholly undecided by the methylene blue
method) as to the nature of the association is. not elltirdy de-'
prived of its ambiguity. When a fiber of. naked nerve-plasm
unites with' a protoblast of naked cytoplasm, who shall say
whether the connection i~ primary or secondary in the absence
of the most intimate embryological evidence or rege'neration experiments?
An important question in this connection is that as to. the
'source of the nerve fibers. Do they arise in the prota of the
skin or do they enter the skin from out-growths of the spinal
ganglia? It would seem natural to conclude that the latter is
the case, and yet it is not a little puzzling to see that nearly
e'very cell in this series has its fiber. Then, too, the fact has
. been repeatedly observed that the protoblasts are continually
dividing, even in rather large specimens of axolotl. (Fig. 20).
It must be left to careful embryological studies to decide wheth'er there are cells of origin in the skin for centripetal nerves or
not. Anoth.er question must await either an embryological or
pathological solution, and that is' the detection of centrifugal
fibers among those' entering the skin.. SUCl1 non-medullated
fibers doubtl"ess occur. and we may think of the plexus immediately below. the epithelium is the probable site.
We have sought to verify the results above described by
the application of the methylene blue intra vitam method as
well as the tissue methods used by- Dogiel, Bethe and Huber.
Making all due allowance for the ambiguity of these methods,
\
it seems that the results' are in harmony, with those above mentioned. It is not difficult to secure impregnations in which'
every fiber is s~ained throughout its course through the corium,
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but to our surpri~e they seemed to stop short in the vast inajar-·
'ity of cases in the zone at the bas~ of the layer of protoblasts, '
while only in comparatively few cases did we trace connections
,like those described by Bethe with ~ells of higher layers. In
the chromatophore zone just ectad of the corium irtmany parts
of the skin it·was.possible to trace fibers horizontaliy long distances and in' some cases supposed communications with the
chromatophores or similar bodies were noted, (Fig. 2 I). In
most cases these cells ~ere nearly destitute of pigment-and pass
by all gradations into undoubted ganglion cells.'
In this connection mention should be made of<the remark"'
able results reported by Dr. W. -Pfitzner. l This writer claims
to trace the fibers after their passage through the corium into'
the substance of the cells and to follow them to small knob~like
endings free in the protoplasm of the cells. More than this,'
he traces to each cell, not o~ly of the deeper layers but also of
the stratum corneum, two independent fibers from quite distinct,·
sources and founds upon this observation an elabor:ate hypothe-'
sis, which unfortunately is deprived of all standing-room by the'
evidence now at hand. Mr. Massie has pointed out that there'
is 'a stage in the young amphibia)1 skin when a curious skein of
a ,material staining deeply with some reagents is found' in .the
cells. The senior writer, who nlade the preparations used, by
Mr. Massie, can vouch for the accuracy of this observation.. It'
is not unlikely that the suggestion iswaranted that this skein is
an embryonic and transitory element in the .development of
gland 'cells, as it is not found' in ~ll the cells but in a certain: class
dispersed among narrower cells 'having a ·different reaction.'
This skein (Fig. 4) is as certainiy intracellular as the nerve·fibers
are extraceIILllar in their course. Figures almost identical with
those published by Pfitzner as the results of 'his observation can
be' secured by his methods, especially if the sections are taken a'
little oblique (Fig. 24.) The process serves to stain very' distinctly the part of the nerve that is medullated, i. e. that part •
extending .through the corium, but not that part which extends'
,

1

Nervenengungen im Epithel. MorpllO'!, Jahrbuch, 1882, p: 726.
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a~,9~~tlt1}~F.SoJtl]rv,iam9.!1g~ ~!;tr ~~11?"J!h~,~!c1},?fj1;>ef~19~.l,\<jJ~;)?;e~,~1,::!.t!
is:Jti~~{()9Ht(tt~tY 'i'Hlr:~q",qifi~~rel~,t;)n:;'l-PBy,ar,'.!-!}~~·c(~9W; t~S:f:gJ.~d.U~j:
1~t1r9J ~@Nt, »f.)~~~?~ 'I~ ~nS ;Jb'i'-,!, \Y.~iiar~c;"k:m',~9:i ,t~hJ9,I! Ct\l,<;l;e :.t:q..~tJ
vrh a t ,p'r,.,l hffi~fn~r.,l"e,~)l Xl is,a.~j }~,!FI:~ljr}~raft nuJilF,'1~?iJ1 '9(l;!'{hi~c.n,
qJFH.tj0l(ii l1fl;s i'! P~~!};:i!}l}gh" 1:1tr.,i,s: 't~ n;1,qs,t }1a~ur~!llnw~a.,k,<;;)Hb tl),YI
~9.~eric;;,i"J?(.m,Qr:~j£\sF~;b]~"rl,yt~51!4~ fW~,:!';~g~c},a1ly;;a?'j th,%!1?-t]tny1.. ;
1:?TB,!7 R~RC;;~~~:}'I,a,s!}9ha~~,h\?q~N~po,~,:!-I:::~ T4~,Ji.I},qil}gr~pf,J':YYi<?'·t

,tdJ n:J5bg'ieJl~',Has!T~ho\,:nBtii.a
t ,iriLthe'eye'lids ~'0f;l!'l1a:rli, '.f/jt~ 'tixam p 1~,
, "wheri:!J th'eYilliin5ej':[ialid',d0mple,x,ity)r~f ,th'e :sen's'e or'gan's is")test:tr(tme;lfith~Yiterm'inalifuodies)'t(N1Sisf: df;a c<werihg, '0'£'sevei-a;i.<;c'0'n11e'Ctivel[tis'sti~j ilayersf:sep'ara:tedt,by: rzo'tJ.'e,s' of:.flata e:piHielial: ,d~}l's
enclosing the nerve net, The 11'tn;v'e:nEtLis 'des:chbe:d nas'\llyilig
:ft~eih;therlI1tedoj:d)f tl1e~b\.\lb;qhougl1 fa faiht1y staiB~ed,\rnateria1'
.Was]:h;6tiGedrf;in"d fe"gar:de'd-<asYoa1tll1 aled; 1ym ph;whitfJ.':,maYl:yep,resellt 'bel1~llc\N deD':i~:rfts}not!c0m.i)etetinb<be rev~aledhhy :t,h-e
-fl1 etlIyl6n'en 'Q 111 cl:J rheth6d>p"](F,ig, ":9.'):1; dfh e~ in'envc': fi tier-:;:10s&'si'rifs
'sh"eatJ}:";betMeYitJ ;<p~nefrates)the': btil b~ ia i1d{ at') "o!1certtliVide'~i [inTo
'spirals coni coils ~f6rthingJa';loosd:in'esli"w(#K:: orAsidefff-otl1' lthe'se '
,spedfi<::)<;:el1s;{:thl.ir~ rirel ext'el'l'siVecarb6rizat,ionsCarfdl D'ets ~6f fihler:'s
!diffuscly'r;s<;:attefC<i:Icin:the1epithi:!li um'r:at::1aig'e": ;'i.,(!'.,::,'"" !'t')C ;::;;,TJ.
"in ri lin (s6me~'re's'p~ctsTth e')fuUe'sti <desc,iiptidtrofJ,tlle:'high1y:'oiffej:len tiattd :S'enS¢fbl:gans i of! ilhe>iki n Qf;rHie1geli'itafia 'hds1'beerlngiven
-bY !Dogie)! an<:l his'lr.e'sults a'l;e{pe'~tiiib1t'to';bt'ir purpose,';iniisrI1Uch

4g

eqr;

I\~rve J~r,m}Jri;.}p ea.s!t:s,((ll,i~, ilPp'a,L~nJlYJ:;~Q})e~xpl?-i[l~q{fI:§;l.ih.1j<;.rJ

's,\t.l~(PCFhejl~~F. ;,~l,l~~,th.e, 1R~\~~' 19f(~1~SJ~)(~i,I!',i,s ;~:i99t;l1j,: a,s ?~,~,;fOJ-:lP~·1

it, to 'be in obliq u~-.p:,-,~J:1is,~;;.~~",~.~ip1J,~'i,~gb~!1at.!he ,,?-pp~<:t!~l)~,;e,I)l.,g~Tl
ur;.,eR}~)hPfitzni~r:fY:.cI¥~p:t1IJ.'iJ,<:,q~r?,(?;r;i.ch!h 9XW:l:h~a,91(;l..l m~,C0})Cep

ti9!~;J;ig .f~W?r{ 9frl the th'~j:F,tlWPu~',st:-Hqt\{terPf:,t1,l,e,: ~1~!11en.~ o.B.t;r
rn.i.g,~tne,'}~j1XS:.9nttE1-J~)j~ la§:J},~,.~~il,s ·99n~,~·,,;'/).ft~rdtJ1e;rilb9,yj~'I,;wet
,IT\?iYi "cR.~; :reAe,~3t(bAHmiJ:1Wdi\1;>.1;igil;ti,!:Vk: t()ls on ;;iq e r, It h<t, ;\'!?'t~,1].siy~,t
anR Uin.t,~,t;t,stiJ\g! Jthe<?rj~.: b.a.s,ec\ ()J P9IJ,it,h"e :",~!l;PP,9S~R irl,traq,~JIJ:1!ilE)
e:16d.i}1.g:~·J;Jd ;.n~:r{£~f ~t.1q:):)b ~tL; "10 \r::t(} ~f:lf! ,~H):~ d:;f~~ oj ?:)::-G1J;Jrl

:\:)rrlii10a1m,#O?Z~}(i(el~~;dlllni,ci)rl!~jl1.tmg,iqn:s,pf,;t,h~~,skiI1{the.~;ep'if:s

tJ:~E qrr-r l!a y.~r,·),~1 [gxe,,!-,t,lYt,;!}jF~e:;!.l.,<¥g ~!}R tl~e.' ;~,Aiy.qig:"~y:'1,1~, al:~;;rp,a
r~R,ucsi:r(~IbDJ1~P.tX·IR~; qi1rri~,,jlJ.9'tfl:,h.igh~r,\(e<:~al)il,ey~.L r'I:lw'!3U~h.:;
PW:,ti,9n~r,8f, ~1:,~; ~l~jp,'ia,~j q,~U~~",do!i?ahli~gioJ;l,~tan. i:nteTe,~tinl5:j fI:l.9<1::-:,
ifi~a,t;i(:m,; 9-~ ..tpr;'}tp-!!=J~ir,e i':l.l:f,Qvt[;de,~SfiR\'id~A?A?~l)d. \'iF ~,~r.e t:h~;
19 ~,erll?er.i,~B eRf? ~~g~~,,i;.~!J$l,01:gil t e 4iif!. a 'ptr;t;S~,i o~[lP.e1jpen~j !=.ul'!1::(~to..,

tJ:~ i')y:(~c~fr9P'Wi}}g,a"sor,t: <?,Gp~!i~!3;¢.e ty,p.~,~f ceHs.)~ ,:A.ndefi,Q!t~J

, VY'i!ll ).~"JBf!~9?,?:pp~rF'}'! irJl~lle d(?W;~J: pgrtiqn,) Plj9,~ingg?jqfl',~1;l§;I
11 yc1~ys,,!, )y,ll:il~r:thet'B~.r;jp.!~t;ral: pal;F,s,~~Jll? t9: ,fraYi ;ol,lt~il1 t.0r,a}: r.ep,,,:
r~Sel}t.a,t.\v;.<::c ;ol, ;Fl:I,q~~r\~,elll,1,I~1'tW~s4"'Wq [~":'\ "I vN.Iwr~; t12~r'! lJ.,~,~dig(;
trej!,~:;~r<;J>p.rc~.?c;nt, :tl}S,re;.j?'Ie.':'~W; 'f;~p:SQn; ,to, jb,eJic;v.<; ,tJl~~ th,~?e. :c~l!?J
p,<tr~is:1R~te >~)1)l,WI ;f,or,l;TI~tiRJt.L~f ,~.U5!1 of, 'l; ,p,qi,qelll-lla,JEr.It,etlY-9r:!s(Sa?,)
IVI;~"i1Je)'rl~}<fe?mi9e:;c\ f;mp.?Y.~n\l;>!ut! (!,\q¥",ly~V)l\lP; i ~oQifje.(h ;~lJ¥, cthg
c~~ngeR,8R~9i t!p,~.~: ii.; i:!lfd ~: l<,lige:~,Et.Hn qer ~qft casE;?.i1:v;e:'),pjI.:yx:,o,Pril '
e c~r;i l,11'!1 ;~~:~kiqg:;th ~ J'
se.r;v,ep.(ihll<~T';s:(ft p~F[ia~t;yr[;p'~~",iJ1 g, ,~hro l\g
~a~,e.:.,~f'lt~J~;;e.,S~n~::~ng'!jTI,~kingi .§l!1liqti~ntaJ~ j<::,o,nn~<;:ti8p. ;'Y:ith)~,on,~,J

nAn

Q~;i!he1Jl,"i ' ,J:;!y:;r<;,t~t:;\C)ppqr.~ljgi,~~ tC?rQbss:ry.~ th~':~)lnig,~):;kmll:sb:'; ,

b~H~r;,,~~an., t?e e!h~rupJj,~,~!1q,;t;he.,c.Q!1)1ec.ti9n:(isp~rp:~,Qt;:',~n::;~l:<
q~rt~i.l\:,;;en,§~l'~h~p'~.1c~,n~1~X!';!il:',~tn;\t;~l.i~Y: g~tw.~~,n,)tn~ 9?Qb g.1!s)
and those that supply the pericellular. ,meshwork. (F.ig,_~5")
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"asi,he"'fin'lj-s:;thati.al1ithe,'e'hdloi"gansircidu-c'e~:t(won~ltype""ate'fni
fjna13;}ecticlil'li,m:~!o(1l';h'ef;:~o-tal1edt :Jgen'i ~at se'nse 'o'rgaRs'" cilfd::tFle
iKrauseis'::and'IMeisswei"s ,'6d'dies,'all:!j9iove -to :.cbn'sistc,6f'a::;'c'a pstile

'cortta'inihg': a retituI um "of:ival;i'c'os6;fiber~ja:h;d/ ;'especiaHy,iih'v th~
case?ofci fhe-gel1ita:l:cot'1!Jusc.J'es\ 'thDsei'df' theF'san::i'e oi'oer a,r:e,Jfr{!',
dftrej;j";tly Cohll§etedl'by!I\:t,reFi'tl anastorrtpses'.; hln ao<dit'i'oh1to(th''e'se
spec:iaJrrorgcins;n :ID0g,iel~;ttacesl:nle"d u::lIa'tetllfj be'rs :iIito~:iriwinrer ;cdrlular reticulum within the epithelium so fine andr':d~nse,'Ja.rs':';.fO
appaten fly ,intcrreLltions,'\vith: t tn6cell11, ;ofi:tfi'e ,iCleeper
parts')lof ~t11is h1a:y:er:.b.z:Odasi olially"'aqbran ch' fftirn i "p'eI'iph~fal.J:Y
and:nends irha1knooJat;;solne-..pista'Rc"e'Ube1bwJi tne':)slJrface, :!.',rWre
seem,flrtheDIIHto ;. haverlevidencei tnat'th'e :tyjJita:!'"for.rrt,,6f cIi~rve
ending:<is a:lc1o'sc[,peiic;ellula~ 'netwbr-k;' thoug']l) IJog,ie1's'im'~thdd.
is, not isuch1as :to,\ allo w.) of:; Cle-tefin iliin'gqJYe <re1atiohcLofi )th'e';,fiber-s
t9lthe)cell~L; 'iQFigrib):;l :; }1:)' i :,;tb b~'J"'i):i2'.i: n ;.)'1 ';..in:'!!, if.
',<1 \)1Theiirr~isure{nar:kab1e! S"&ggeSti611 ;resp~tfing'; i1!ie ,li'oril0logies
of:>the::.se'nse::cll'gans1iof.~the':skinr!iri::amflhibialk:is:th'at 'of Malin;'r
who :thin.1(s; thatithe!ihair:-M [,vevwbr.atd'cal'l":be; trac'e'd""oaclFphy"
.,!n'·'1c."'t ~nr'.f·~It '·v.:;I)Jn:~:,.1..::;.r:}:)q;; .~ ,:f ~·L~~f~~ 13~1/' .::Jt;,:i '·'~I fj~:~.~1' :J~;~.L;L"~

dome

,:irp A,,'S~rboGIEr':~f,Die

all

Ne;'venendiguifgeh~i,ltidl'~n·dei'~lc.:; j\fchiv!f. Mik',
.f\1?i~!~VR~~,·;~~tV,l:~,h,!~'~9;t~ -:H.f t·.~tI·C:·~~' rLi;ri /,:'1 :"i L ). ~:;"~;fJt "\:: ·,·~;;5.l};.Jr:
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logenetically to these sense organs. Leydig in Biolog. Centralblatt, XIII, scouts this idea and derives the hair from the socalled" Perlorgan" of certain fishes. ~The resemblance, and,
affinity of ~he sense organs is rather with the auditory apparatus,
. as shown by Ayers and others. ,
The Sense Buds. It is interesting to observe the wide differences of opinion of competent observers as to the endings in
the end buds. Lenhossek ·(Anat. Anzeiger, VIII, 4) denies
.absolutely Fusari and Panisci's statement that the proximal' ex- '
treinity of; the sensory cells in the taste'bud passes directly into
a nerve fiber and states that the nerves always end free in the
bud, or rather form a meshwork surrounding it, thus constituting a peri-gemmal reticulum. Nerve fibers pass in a horizontal
course below the epithelium and give off collaterals from tinl~
to time which form a felting of free fibers among the general
epithelium cells. Essentially similar conditions prevail in the
sense buds 'of the mouth of fishes and the author c~ncludes that
. the rod cells are to be considered as short apolar nerve-cells 'arid .
that the class of nerve endings found in the earth-worm is found
in vertebrates only in the olfactory organ. (Figs. 15 and I 6.)
Retzius takes the same view, but finds that the nerve fibers are
not perigemmal but intragemmal, thus illustrating the difficul-.
ties growing out of a reliance on the Golgi and methylene blue
methods alone.
'
A. Geberg in a brief article in the Anat. Anzeiger, VIII,
I, claims to be able to. demonstrate the endings of the auditory
nerve in, the cochlea by the methylene method, but, inasmuch
, as the tissues were not stained, it ~eems that his conclusion, that
tb;e fibers attach themselves to the hair cells without communicating with the latter, must be considered as non-conclusive.
Having reinvestigated the nerve endings in the sensory
,buds of the skin of the axolotl with material leaving little to be
desired as to the fixation and hardening, and which had been
double stained successfully, we are able to assert with grea(.confidei1ce that, in this case, there is a special cellular nerve termiflus having a direct basal connection with a nerve fiber. The
nucleus of these cells (which cannot be terme,d appropriately
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rod cells or "Stiftzelle") is narrower and m~re deeply stained .
than the' supporting cells land occupies the entire width of. th~
cell. The peripher?l part of these cells has not been correctly
described as yet. In reality it consists. of a projection of the
cell walls to form a narrow tube. These, walls ~re delicate and
very thin but easily seen because of the contrast with the protoplasmic fiber contained in it. 'The latter structure is delicate
but stains a deep red with the pic~ocarmine, while the wall~ ar~
'not stainj:d by that reagent. (Figs. 26-30.) This axial fiber differs not 'at all from that seen' in the clusters found in: the scattered sense qrgans on the head of the tree frog and the frog.
(Fig. 32.) The proximal portion of. the cell is .not as easy 'to
trace, for the corium and often the chromatophores obscure the
conpections to a degree. . Yet it'now and then happens that the
direct communication with· a nerve fiber rising through' the
corium can be made out. Of course it may be insisted that this
connection is only a secoridar'y one, but nothing but evidence
fro'm embryology or degeneration experiD;1ents will' substantiate
or refute the claim. So far as the ,evidence n~w goes, the sc;attered cells above mentioned and those in the buds stand or fall
together, and for the former the evidence of direct contip.uity
between cell and nerve is unimpeachable..
The Plexus Beneatll the Conil1n.-In portions of the skin
stained intra vitam by the methylene blue m~thod and examined
at once in glycerine very. perfect views of the marvelously elaborate plexus beneath the corium can be gained. The fibers are
~f two sorts, the larger being connected with the fibers from the
nerve bundles from the central system, while a part at least of
the fibers. of smaller calibre have a local origin in certain ganglion cells of this region. These celJs were first detected in
preparations Id0l!ble-stained with hcematoxylin and' picrocarmine
and were seen in section in a plane parallel to the surface. In
the methylene blue preparations they are very conspieuous an.d
su rprisingly numerous'. The nuclei are large, white the protoplasm Of. the cell does not stain or only,slightly with the blJle.
It :is an interesting and most instructive fact that the cell body
remains transparent, while its own neurite or axis cylinder pro.
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. ' cess is mostly intensely stained through its entire .length. The
hiatus betwe~n the fiber and its cell is slight but sufficient to
cast a doubt on the fact of communication were the conditions,
not absolutely favorable. . With a high power 'it is possible to'
see the sheath and the faintly tinged protoplasm so that no
doubt is {n this case possible.
It may be noted also that other methods seem, to show'
that it is entirely possible for the protoplasm of a cell to react
differently from that of the axis cylinder derived from it. Thus·
may be explained many of the ambiguous and conflicting reo,
. stilts 'of the applications of the methylene blue. process. Fig.
33 illustrates the appearance of a section stained with hcemafoxylin and picrocarmine, while Fig. 23 is from a methylene blue
pi~par~tion.. Figs. ~3-37 are from surface views of the plexus,
showing the ganglion cells. Figs. 38 and 39 are from the same
region, showing co:nnectio'ns with, vessels and chromatophores
(Fig. 3 : ) " ,
..'
.
It will be seen' that the fibers of this plexus below the cor·
ium ~re of two sorts. The fine fibers arise, in part at least, in
th~ local ganglion cells an,d can be traced to the nerve bundles,
wh'ieh they enter 'and then mingle with the' fibers of the larget
'sort. In the perpendicular sections it is easy to see that a cer··
tain number of fibers from the general "mixed" nerves pass.
irithout interruption into the skin and so, do not participate in·
the form~tion of the plexus. Others. on tlle other hand, divide'
,dichotomously in the level of the plexus and the branches give
off "collaterals" that pass through the corium and so reach the.
'epithelial layer. It is not possible to state positively that fibers
fr'om the gangJiohcells of the plexus give off fibers to the skin,
though such certainly is the appearance. After passing through
th~' 'corium the fibers do' not all at once seek out their definite
termilli in' ~he cells or' the epithelial layer, .but they often turn
sharply at right angles at the ectal surface ,of the corium and pass
long distances parallel to the surface. This tendency is more
marked in some regions than in others. This fact grea.tly com·'
plicates the study of the endings; In the case of taste buds and,
the organs of the laterai line this is one of the most serious dif· .

5t

ficulties in the .way. of a correct interpretation of the appearances
.presented by. sections.
A discussion of the theoretical bearing~ of these facts and
further details must be deferred to the second part ofthis paper.
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Since writing the above we have been able to settl; ~everal
points previously in doubt. None of our preparations of the.
skin of amphibians gave unambiguous results for the glands of
the skin.
We .have at last succeeded in securing excellent .tn.
tra vitam impregnations in the toad (Bufo sp.) in which it is
easy to trace the non-medulated fibers from the plexus ectad of
the corium, and also from that entad of it, into the. most inti 7 '
mate connection with the superficial walls ~f the glands, which
in this species are yery large and highly functional. The fibers
are of small caliber but are excessively numerous an<;l envelop
the whole gland in what at first looks like a closely woven re"
ticulum, but a close study shows that the appearance of a retic,
ulum is due to,the repeated dichotomous branching of a large
/ number of distinct nerve fibers. These fibers cross at slightly
different levels and there is no doubt in most cases of the complete' distinctness qf the fibers as they cross.
Upon these
.fibers are frequent varicosities which may be due to imperfections of the process or may be the points of attachment of the
fibers upon the cells of the gland. . Of course this method does
not ~dmit of determining the exact relation' of the nodosities ~o
the several cells, but,,there can be no doubt of the existence, of
. a very intimate and necessary connection.
One is forcibly
'struck by the close resemblance of this periglandular felting ~o
the perigemmular reticulum described by many authors jn the
case of the sens~ buds. The latter is, as we have. before in'.sisted, entirely distinct from and totally unlike the 'intragem.
mular endings in distinct cells which may be de,monstiated by
a wide range of independent meth9ds.
. The sari~e preparations used in the earlier parts of this paper
.have also afforded to a more extended study a number of satisfac~ory views of the connection of the ganglion cells ofthe
I

'\

\

,

52

.

I

. JOURNAL OF COMPARATIVE NEUROLOGY.

reticulum .below. the ,corium \vith fibers-not only with 'such as
pass directly'into the nerve bundles but, as we now fi~d, with
with non-medullated fibers which pass through the conum and
end in relation with the cells of the epitheliu_m layer. . We also
find that these and other fibers, after passing through the cor'ium, t~rn a,nd pass for long distances parallel to the surface to
their final destination in the upper layer. This seems to be particularly true of the fibers of theperigemmular series of the
sense buds: In some cases well defined bundles of nerves in a
common sheath pass through the corium, while in those cases
where the nerve sheath is present it is soon lost after passing
the corium. It seems natural to conclude that the non-medullated fibers ~f the epithelium are essentially si~ila:r to the fibers
of the same structure that supply the glands. If so, we 'may
add that these are in both cases cent;ifugal and we have a sugaestisn at least toward the solution of th~ puzzle as to the ,reb
spective ,functions of the several classes of fibers. That the
general cells of tne skin ,have more or less power of absorption
and excretion, as well as secretion,' can hardly be doubted and,
if so, why I)1ay not these fibers from the disperse ganglia of the
'peripheral sympathetic system be the neural sponsors for these
functions? The methylene ·blue method reveals the same sensory endings in the skin that we have described fully from' histological preparations, but curiously enough they appear as fibers
simply because the nuclei are not stained 'and this fact ~xplains
the discrepancy in the two methods.
It is interesting to compare th.e intercellular net-work described above with the similqr so-called connective tis.sue net-'
work described by Bruyne (Arch. de BioI., XII, 1892) sur-'
rounding the muscle fib~rs. The figure give~ in the article by
the same author in Anat. Anzeiger, X, 18, is so remarkably
similar to the apearance we have called attention to that one may
be pardoned for suspecting similarity of nature.' It may be that
more than one instance of intercellular bridges rests on the mIsinterpretation of similar structures. The relation of the space
so kept open between the cells to the, circulatory fluid is a ques-'
tion of greater interest than seems to have been suspected.
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NOTE 0N THE METHYLENE BLUE PROCESS. It appears that
we have had in one resI;?-ect the ~sual experience with the methylene blue intra vitam impregnation process. It is not difficult
to secure excellent impregnations 'of the nerves of the skin of
the Amphibia in which the nerve fibers are deeply and quite
selectively stained, yet it appears that there is a ,strong ten·
dency for the stain to be extracted or . rendered diffuse by the
process of imbedding so that tissues which were very perfectly
stained in the glycerine are quite unsatisfactory in thin section.
It appears that the difficulty is in the action of the alcohol, which
is required in both the paraffin and the celloidin methods of imbedding. To obviate this difficulty we have'resorted with good
results to the use of a mixture of gum arabic and glycerine.
The fragment is placed-in glycerine or may be placed at once
in the gum-glycerine. After an impregnation of a day or two
in a closed bottle the specimen is mounted in a paper tray with
the mixture and the latter is allowed to evaporate till a consistency' is reached which will permit it being placed in the microtome and sectioned. In this, way sections are secured. thin
eriough to serve the pupose desired and these may be mounted
in gum-glycerine or may then be dissolved out ofthe gum and
treated in any way desi~ed.
,
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PLATE V.

Fig.
Fig.

I.

2.

aration.
Fig. 3.
Ftg. .4.

"End-organs in the skin of the tree f~?g, o~iginal. Teased prepSense bud of young salamander. Original.
Skin of tadpole with nerve endings and the transitory'skeins inter- '

preted as nerve endings by Pfitzner.

Fig, 5.
Fig. 6.
Fig. 7.
Fig. 8.

PLATE VII.

Diagram of the skin of the sexual organs, after Dogiei.

Skin of very young tadpole.

Original.

Skin of tadpole, near angle of mouth,
Sense bud of Amblystoma.

Fig. 25. Section from a different part of the skin with cellular nerve termini. This is probably to be explained a~ the result of. the elongation of the
basal series of the epithelial cells. •
'
Fig.

Fig. ,27.

Original.

Original.

Nerve endings in the epithelium of the frog, according to Bethe.

A.-" GabelzeIle," from sensory papillre of tongue.'
C.-Isolated rod cell.

Sensory bud from another part of skin.

,

Fig. 29.

See Plate VIII.

Fig. 30.

Isolated supporting ceIls from sp'ecimens similar to Fig. 28,

stained with hrematoxylin, picro-carmine and methylene blue.. Are the blue

, D.-Upper part of papilla.
E.-!=iliate cell of palate.

fibers nerves, or are they lines of precipitation in folds of the cell waIl due to
shrinkage? Compare Fig,. I I ~

.

Fig. 9. N~rve ending in the human conjunctiva. Dogie!.
Fig. IO. 'Nerve endings in Jacobson's organ. Lenhossek.
Nerve endings in the taste buds.

Sensory bud from skin of axolotl, showing the tubular peripheral

Fig. 28. Similar bud in which the peripheral poriiqn of the sensory element seems divided. Explained as due to the shrinkage an'd" fraying out" of,
the 'wall.

B.-Cylinder ceIls.',

. Fig. I~.

26.

ending of sensory ceIls with fine thread of prot~plasm extending to periphery
and the basal connective with 'nerves.
'

Arnstein.

Fig. 31.

Cells from nasal cavity of leopard frog.

Fig. 32.

Nerve endings from skin of same to illustrate simIlarity to the
'

last.

1fig·33. ' Skin of gills of axolotl to 'show ganglion cells bene"!th the corium. '
PLATE VI.

Fig. 12.

Section from the skin' of the head of a tree-toad.

a, nerve bunPLATE VIII.

dle and.e,ndings; b, gland; c, corium; d, small gland; ~, chromatophore.

Fig. I3.

Ski\} of head of leopard frog showing ceIlular nerve endings in

groups penetrating the skin.

Fig,. I4.

Similar endings from the tree frog.

Figs. I5, I6. See Plate VIII.
Fig. I7. Part of the skin of the axolotl, showing the nerve bundle on its
way,to the skin and the periceIlular net-work.

Fig. I8.

Skin ofax~lotl showing periceIlular net-v.:ork and the nerve· fibers

entering from below.
Fig. I9. Similar section 'fixed in Flemining's solution.

Fig. 20.

A section of portion of axolotl skin where 'the Leydig c~Ils (L. c.)

are two-layered. Proliferating ceIls (k) in lower series of protoblaSISj c, corium;
B. V., capillary; nerve fibers entering from below~

,Figs.2I-23. See Plate V~II.
Fig. 24. Skin of tadpole as figured by Pfitzner.

Fig. I5.

Pericellular nerve fibers from sensory bud of conger eel.

Fig. I6. Intrabulbar endings in Barbus. (Both 15 and 16 from Lenhossek.)
Fig.
Ski,n of the axolotl showing nerve endings in or near the chroma
..tophores and in the skin of the axolotl. Methylene blue.

2:.

Fig.

22.

Fig. 23.

Similar to Fig.

21,

showing endings in layer' of protoblasts.

Perpendicular section through skin of axolotl stained intra vitam

with methylene bl~e and cl~ared i~ glycerine. The plexus beneath the corium:
is clearly visible.

Fig. 29.

CeIls similar to to Fig. 28, staiped with methylene blue.

Fig. 34.. Surface view of methylene blue preparation, similar to Fig. 33,
showing connection of ganglion cells with nerve bundies.
Fig. 35. Same as Fig. 34.
Figs. 36, 37. Ganglion cells of large ramose form from same layer as above. I
Fig. 38. Relation of nervous reticulum below the corium to the capillaries.
Fig. 39. Chromatophore-like ganglion ceIls.
\'
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PLATE IX.

Fig. 40.

.

Section of the skin of the head of a toad (Bufo) after intra vitam
.

injection with methylene blue and fixation with Bethe's solution of molybdate
of ammonia.

Examined in glycerine.

The section is somewhat oblique so .

that the dU9t and part of the body of the gland is removed.

The delicate non·

\1
"

in~dulated fiber~ ar~ seed ge~erouslydi~frib~tedove~ 'the uncnt surface of the
gland.·

Coars~r 6bers'are also 'seen in

the

16~er'a~d ~pp'er plexuses,

also a

bu~-·

. dIe of s,~nsorY. rods at the left:
. Fig.'
Intr~ vitam inethylene blue prepaniiion'of skin of axolotl, show-

4I;

ing connection of cells of the ganglionic me~h~o;'k 'beneath the corium '~ith
. the epidermis. a, fiber .passing to cells of the

intracellula~ reticulum;

b, non-med- ,.

nllated fibers from a nerve piercing the corium; c,'~,l c' and c", ganglion cells of
the plexus heneath the ·cori urn .
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